Abstract. We review the theory of the microscopic modeling of the 5-dim. black hole of type IIB string theory in terms of the ½-brane system. A detailed discussion of the low energy effective Lagrangian of the brane system is presented and the black hole micro-states are identified. These considerations are valid in the strong coupling regime of supergravity due to the non-renormalization of the low energy dynamics in this model. Using Maldacena duality and standard statistical mechanics methods one can account for black hole thermodynamics and calculate the absorption cross section and the Hawking radiation rates. Hence, at least in the case of this model black hole, since we can account for black hole properties within a unitary theory, there is no information paradox.
Quantum mechanics and general relativity
The application of quantum field theory to general relativity (GR) leads to some basic problems:
1. The problem of ultra-violet divergences renders GR an ill-defined quantum theory. This specifically means that if we perform a perturbation expansion around flat Minkowski space-time (our world!) then to subtract infinities from the divergent diagrams we have to add an infinite number of terms to the Einstein-Hilbert action with coefficients that are proportional to appropriate powers of the ultraviolet cutoff.
There is good reason to believe that string theory solves this ultra-violet problem because the extended nature of string interactions have an inherent ultra-violet cutoff given by the fundamental string length Ô « ¼ . One also knows that in string theory the Einstein-Hilbert action emerges as a low energy effective action for energy scales much larger than the string length and Newton's constant (in 10-dim.) is given by
where × is the string coupling.
2. The solutions of general relativity can be singular. There are a variety of singularities that have been encountered. Examples are i) the singularity of the black hole solution, ii) the singularities encountered in various brane solutions of supergravity, iii) singularities of the cosmological solutions of GR etc. A quantum theory of gravity must present an understanding about what are good and bad singularities in the sense whether one can have a well defined quantum mechanics in their presence. String theory has resolved some of these singularities, but a complete understanding of the issue of singularities is still lacking.
3. While the above problem is related to the high energy (short distance) behavior of GR, there exists another problem when we quantize matter fields in the presence of a black hole which does not involve high energy processes. This problem is called the information puzzle and in the following we shall explain the issue and also summarize the attempts within string theory to resolve the puzzle in a certain class of black holes.
String theory has been proposed as a theory that describes all elementary particles and their interactions. Presently the theory is not in the stage of development where it can provide quantitative predictions in particle physics. However in case this framework resolves some logical problems that arise in the applications of quantum field theory to general relativity, then it is a step forward for string theory.
4. Finally there is the problem of the cosmological constant, which is getting renewed attention in recent times.
In this review we will discuss only point 3. We will focus on the black hole solution of IIB string theory and discuss its modeling by the ½ -system of branes. We will describe the low energy excitations of this system and learn how they couple to the bulk supergravity degrees of freedom using Maldacena duality. We will present the calculation of the Hawking rate for a class of massless particles which agrees with supergravity calculations due to the high degree of supersymmetry of the ½ -system.
Organization of the notes
Sections 3 and 4 present a general description of black hole thermodynamics and the information puzzle.
Section 5 presents the string theory framework for black holes.
Section 6 presents various supergravity solutions of relevance to our discussion: The BPS and the non-BPS black hole solution, the Maldacena limit and AdË ¿ ¢ Ë ¿ , and the solution with a non-zero value of the Neveu-Schwarz -field in the compact dimensions. We also discuss the semi-classical derivation of Hawking radiation.
Section 8 presents the ½ -system and the AE , Í É ½ µ ¢ Í É µ gauge theory in 2-dimensions. We discuss low energy degrees of freedom and the conformally invariant sigma model at the infrared fixed point.
Section 9 presents the discussion of ½ branes as solitonic strings of the gauge theory. We discuss the moduli space of instantons which forms the target space of the solitonic strings.
Sections 10-12 discuss the AE super conformal algebra, the AE ´ µ SCFT on the orbifold´ Ì µ É½É Ë´É ½ É µ, and the classification of states of the SCFT in
